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Abstract 
Faujasite (FAU) has been used as the sensitive recognition layer on the outer surfaces of a Metglas 
magnetoelastic strip for the detection of volatile organic compounds (VOCs). The sensor combines the 
electromagnetic properties of the magnetoelastic material with the adsorption properties of the FAU 
crystals. At 120oC and at 500ppm, the sensor’s response in decreasing order is: ethyl-acetate, p-xylene, o-
xylene ≈ benzene, c-hexane ≈ n-hexane. This order is not fully in agreement with the order of the mass 
loadings calculated from adsorption isotherms, probably due to changes of the zeolite film mechanical 
properties (Young modulus or/and deformations of the faujasite unit cell dimension) induced by the 
adsorbed molecules. The Minimum Detection Limits (MDL) of c-hexane, p-xylene and o-xylene at 120oC 
were 166, 17 and 5 ppm respectively. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Volatile Organic Compounds (VOCs) are frequently found in air due to human activities and natural 
sources and are quite hazardous, thus their detection is deemed necessary [ 1 ,2 ]. Different sensor 
techniques have been proposed for monitoring VOC odors [3,4]. Common feature of all those techniques 
is the existence of an appropriate sensitizing layer which selectively adsorbs VOC molecules causing 
shifts in the sensor detection property. Commonly used materials for VOCs are semiconducting metal-
oxides[5], polymers [6] and zeolites [7,8,9]. In the present study, we use a Faujasite zeolite (FAU) film as 
the sensitizing layer on top of a Metglas magnetoelastic sensor for the detection of six different VOCs: c-
hexane, n-hexane, benzene, o-xylene, p-xylene and ethyl-acetate. The proposed sensor exhibits high 
sensitivity, relatively quick response times, but low recovery times. The advantages of using 
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magnetoelastic sensors are a) the remote sensing by means of pick-up coils, b) the sensor’s low price 
which can be used on a disposable basis, and c) the low power and cost of the equipment. 
2. Results-Discussion 
Figure 1 shows the resonance frequency f of the sensor as a function of time, at 120oC, when exposed 
to alternating environments of air and six different VOCs of various concentrations (shown in ppm in the 
plots). The plots share some common features. First of all, f decreases each time the VOC vapor is 
introduced into the cell and after a few minutes it reaches gradually a steady value. Similarly, f increases 
when air is introduced back into the cell. In the cases of benzene, ethyl-acetate, and o-xylene the 
completion of the experiments required more than one day. The vertical dashed lines in the graphs 
represent overnight transitions (with no data acquisition) where the sensor was left under a constant flow 
of air. 
Figure 2 shows the relative resonance frequency change (f-fAIR)/fAIR of the steady-state values (ten 
point averages) of fig. 1 as a function of the VOC concentration, where fAIR is the initial resonance 
frequency in air. Several conclusions can be drawn from fig. 1 and 2. First of all, all curves in fig. 2 are 
descending which means that the dominant factor is the mass load, since the resonance frequency of a 
magnetoelastic sensor is inversely proportional to the mass load. Second, in the case of c-hexane, p-
xylene, o-xylene and n-hexane, f decreases monotonically, which indicates that the zeolite crystals are not 
saturated with the adsorbates, up to the maximum concentrations tested. On the other hand, in the case of 
benzene and ethyl-acetate, the same shifts to f were essentially observed for all concentrations tested. This 
result indicates that either faujasite is practically saturated with the VOC molecules even at the smallest 
concentrations tested, or that the adsorption of these compounds also increases the elastic modulus E of 
the zeolite film, essentially canceling the effect of the mass load. And finally, the sensor response as seen 
in fig. 1 for the case of ethyl-acetate and p-xylene, is not reversible after a full cycle air → air/VOC →
air. The corresponding frequency drift is much larger than the inherent sensor drift and thus it can be 
attributed to an incomplete VOC desorption. 
The slope at each point of the curves Δf/fAIR vs ppm of Fig. 2 represents the sensitivity of the sensor. In 
all cases, it decreases with concentration. Roughly speaking, two distinct concentration regions can be 
identified in Fig. 2. At the low concentration region, the curves show an almost linear response. At high 
concentrations > 2000 ppm, f becomes almost concentration independent indicating that the FAU is 
saturated with VOC. 
In order to better understand the data of Fig. 2, the mass loadings were calculated using adsorption 
isotherms from the literature [10,11,12]. The o-xylene, p-xylene and benzene loadings are essentially 
constant from 500 to 2000 ppm, providing an explanation for the observed plateau in fig. 2. On the other 
hand, the loading of n-hexane and c-hexane increases with concentration (faujasite is not saturated up to 
2000 ppm), providing an explanation for the absence of a distinct plateau. However, the order of the 
sensor response does not coincide with the order of the mass loadings. At 500 ppm, Δf/fAIR is in the 
following order: ethyl-acetate > p-xylene >o-xylene ≈ benzene > c-hexane ≈ n-hexane, while at 2000 
ppm, the order changes to: p-xylene > ethyl-acetate > o-xylene ≈ benzene > c-hexane > n-hexane. On the 
other hand, the calculated mass loadings are in the following order: p-xylene > o-xylene > benzene > c-
hexane > ethyl-acetate > n-hexane. The largest deviation occurs for ethylacetate. Moreover, even though 
the o- and p- xylene adsorption loadings are almost equal, the response to o-xylene is significantly lower 
than that to p-xylene, and almost equal to that of the benzene. Finally, the responses to n- hexane and c-
hexane are almost equal despite the higher n-hexane loadings. Based on the above, the observed changes 
cannot be attributed only to variations to mass loading but also on the effective Young modulus E and/or 
stresses [13]. Earlier studies have shown that gas or vapor adsorption in zeolites affect the zeolite film 
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Young modulus[14] and/or the unit cell dimension [15,16,17,18]. In the latter case, an interfacial stress on 
the Metglas ribbon can result in either positive or negative shifts in the resonance frequency [13]. 
Fig. 1. Response of the sensors as a function of time when exposed to alternating environments of synthetic air and VOCs. The 
numbers in the panel denote the VOC concentration in ppm. The vertical dashed lines (shown in some panels) indicate overnight 
transitions. All measurements were carried out at 120oC. 
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Fig. 2. Calibration curves of the sensors at 120oC for all VOCs tested. 
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